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(54) IMAGE SENSOR AND METHOD OF MANUFACTURING THE SAME . 

20 ABSTRACT 

The present invention relates to an image sensor and a method 
of manufacturing the image sensor, which use BSG (Boro 
Silicate) as a field insulation film using shallow trench 
25 device isolation, so that they can acquire a channel stop 

1 



PAGE 1808 • RCVD AT 12/7/2005 1 :03:47 PM [Eastern Standard Time] ' SVR:USPTO€FXRF-6/27 ■ DNIS:2738300 ■ C8ID:61245H801 1 DURATION (mm-ss):07-36 



12/67/2005 11:52 612-455-3801 



HSML, P.C. 



PAGE 19/38 



region without additional ion implantation, thereby preventing 
crosstalk due to interdevice isolation and achieving the 
simplification of a manufacturing process. For this, the 
present invention provides an image sensor, including a 
5 trench-shaped field insulation film locally formed by 
embedding a first conduction-type impurity in a first 
conduction-type semiconductor layer; a channel stop region 
formed by diffusing the first conduction- type impurity under 
the field insulation film; a gate electrode formed on the 

10 semiconductor layer at a location away from the field 
insulation film; a second conduction-type first impurity 
region configured to abut on the channel stop region and the 
gate electrode; and a first conduct ion- type second impurity 
region formed on a boundary surface that abuts on the 

15 semiconductor layer within the first impurity region. 

Furthermore, the present invention provides a method of 
manufacturing the image sensor. 

REPRESENTATIVE DRAWING 
20 FIG. 2c 

KEY WORDS 

dark current, photodiode, crosstalk, channel stop region, STI 
25 SPECIFICATION 

2 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG, 1 is a schematic diagram of an typical image sensor 
having a trench-type field insulation film; and 
5 FIGS- 2a to 2c are sectional views illustrating a process of 
manufacturing an image sensor according to an embodiment of 
the present invention. 

^Description of reference numerals of principal elements 
10 20: semiconductor layer 
23: field insulation film 
24 , 25 , 26: gate electrode 
P+: channel stop region 

15 DETAILED DESCRIPTION OF THE INVENTION 
OBJECT OF THE INVENTION 

FIELD OF THE INVENTION AND PRIOR ART 

The present invention relates to a semiconductor device, 
20 particularly to a method of manufacturing an image sensor, and 
more particularly to an image sensor and image sensor 
manufacturing method using shallow trench device isolation. 
In general , an image sensor refers to a semiconductor device 
that converts an optical image into an electric signal. of 
25 such image sensors, a Charge Coupled Device (CCD) is a device 

3 
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in which respective MOS (Metal-Oxide-Silicon) capacitors are 
located very close to each other and charge carriers are 
stored in and transferred to the capacitors, and a CMOS 
(Complementary MOS; hereinafter "CMOS") image sensor is a 
5 device that adopts a switching method of forming a number of 
MOS transistors equal to the number of pixels, using CMOS 
technology that utilizes a control circuit and a signal 
processing circuit as peripheral circuits, and sequentially 
detecting outputs using the MOS transistors. 

10 In the manufacture of such various image sensors, efforts to 
improve the photosensitivity of the image sensors have been 
made. One such effort relates to a light condensing 
technology. For example, a CMOS image sensor is composed of a 
photodiode for sensing light and a CMOS logic circuit part for 

15 converting sensed light into data by processing the sensed 
light into an electric signal* In order to improve 
photosensitivity, an effort to increase the ratio of the area 
of a photodiode to the entire area of an image sensor 
(generally referred to as a "Fill Factor") has been made* 

20 FIG. 1 is a schematic diagram of an typical image sensor 
having a trench-type field insulation film. 

Referring to FIG- 1, in a typical image sensor, a 
semiconductor layer in which a P++ layer 10 and a P-Epi layer 
11 having high concentrations are stacked is utilized, 
25 Hereinafter the P++ layer 10 and the P-Epi layer 11 are 

4 
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referred to as a semiconductor layer . 

In the semiconductor layer, a trench-type field insulation 
film 12 is locally formed, gate electrodes 13, 14 and 15, for 
example, transfer gates, are arranged in a region away from 
5 the field insulation film 12, a photodiode impurity region (n- 
) is formed in the interior of the semiconductor layer to a 
predetermined depth while abutting on the gate electrodes 13, 
14 and 15 and the field insulation film 12, a swallow 
photodiode impurity region PO is disposed in a boundary layer 

10 that abuts on the upper portion of the semiconductor layer 
above the photodiode impurity region n-, and an impurity 
region (n+) connected to a sensing node is disposed. 
Meanwhile, since, in the above-described conventional image 
sensor, the field insulation film 12 is of a simple trench 

15 type, the image sensor has a photodiode shape in which only a 
Bird's beak portion in LOCOS {LOCal Oxidation of Silicon) 
method expands. 

Accordingly, an improvement that must be additionally achieved 
from the point of view of the increase in photodiode capacity 
20 is required, and a method capable of reducing crosstalk, in 
which image data is intermixed between unit pixels, through 
more secure isolation between unit pixels is required* 

TECHNICAL SUBJECTS TO BE SOLVED BY THE INVENTION 

25 

5 
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Accordingly, the present invention has been made keeping in 
mind the above problems occurring in the prior art, and an 
object of the present invention is to provide an image sensor 
and a method of manufacturing the image sensor, which use BSG 
5 (Boro Silicate) as a field insulation film using shallow 
trench device isolation, so that they can acquire a channel 
stop region without additional ion implantation, thereby 
preventing crosstalk by interdevice isolation and achieving 
the simplification of a manufacturing process, 

10 

CONSTRUCTION AND OPERATION OF THE INVENTION 

In order to achieve the above object, the present invention 
provides a method of manufacturing an image sensor, including 

15 a first step of forming a trench by selectively etching a 
first conduct ion- type semiconductor layer; a second step of 
forming a field insulation film doped with a first conduction- 
type impurity embedded in the trench; a third step of forming 
a channel stop region by diffusing the first conduct ion- type 

20 impurity, with which the field insulation film is doped, under 
the field insulation film by performing heat treatment; a 
fourth step of forming a gate electrode on the semiconductor 
layer; a fifth step of forming a second conduction- type first 
impurity region, which abuts the channel stop region and the 

25 gate electrode, by ion implantation; and a fifth step of 

6 
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forming a first conduction-type second impurity region on a 
boundary surface that abuts on the semiconductor layer within 
the first impurity region. 

Furthermore/ in order to achieve the above object, the present 
5 invention provides an image sensor, including a trench- shaped 
field insulation film locally formed by embedding a first 
conduct ion- type impurity in a first conduction- type 
semiconductor layer; a channel stop region formed by diffusing 
the first conduction- type impurity under the field insulation 

10 film; a gate electrode formed on the semiconductor layer at a 
location away from the field insulation film; a second 
conduct ion- type first impurity region configured to abut on 
the channel stop region and the gate electrode; and a first 
conduct ion- type second impurity region formed on a boundary 

15 surface that abuts on the semiconductor layer within the first 
impurity region. 

In order to describe the present invention in detail so that 
those skilled in the technical field to which the present 
invention pertains can easily implement the technical spirit 
20 of the present invention, the most preferred embodiment of the 
present invention is described with reference to FIGS. 2a to 
2c* 

FIG. 2c is a cross section of an image sensor according to an 
embodiment of the present invention. 
25 Referring to FIG. 2c, the image sensor of the present 

7 
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invention includes a trench-shaped field insulation film 23 
locally formed by embedding a P-type impurity in a P-type 
semiconductor layer 20, a channel stop region P+ formed by 
diffusing a P-type impurity under the field insulation film 
5 23, gate electrodes 24 and 25 formed on the semiconductor 
layer 20 at a location away from the field insulation film 23, 
an N-type impurity region n- configured to abut on the channel 
stop region P+ and the gate electrodes 24 and 25, and a P-type 
impurity region P0 formed on a boundary surface that abuts on 
10 the semiconductor layer 20 within the N-type impurity region 
n-. 

Preferably, the P-type impurity is BSG (Boro Silicate Glass) . 
A process of manufacturing the image sensor having the above- 
described construction is described in detail below. 
15 FIGS . 2a to 2c are sectional views illustrating a process of 
manufacturing an image sensor, according to an embodiment of 
the present invention. 

First/ as illustrated in FIG- 2a, after a pad oxide film 21/a 
buffer polysilicon film (not shown) have been successively 

20 coated, a photosensitive film pattern 22 is formed to form a 
trench. A typical image sensor uses P++ and P-Epi layers 
having high-concentrations. Reference numeral % 20' designates 
a semiconductor layer in which the P++ layer and the P-Epi 
layer are stacked. 

25 Thereafter, as shown in FIG- 2b, after a trench (not Shown) 

8 
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has been formed by etching the pad oxide film 21 and the 
semiconductor layer 20 using the photosensitive film pattern 

22 as a mask, the photosensitive film pattern 22 is removed by 
performing PR stripping, and annealing is then performed to 

5 form a trench profile. 

Thereafter, after the trench has been filled up by depositing 
a material doped with a P-type impurity, for example, BSG 
(Boro Silicate Glass) , a field insulation film 23 having an 
STI structure is formed through Chemical Mechanical Polishing 
10 (hereinafter referred to as CMP) . 

Thereafter, a channel stop region P+ may be formed by 
diffusing a P-type impurity doped in the field insulation film 

23 through a simple thermal process. In the following 
process, the diffusion may be naturally achieved. 

15 Accordingly, additional processes, such as ion implantation, 
can be omitted. And, by securing isolation between pixels, 
problems, including crosstalk, can be solved. 

Thereafter, as shown in FIG. 2c, to form the gate electrodes 
of four NMOS transistors of a unit pixel, after a polysilicon 

20 film and a tungsten silicide film have been successively 
coated and a photosensitive film (not shown) has been coated, 
exposure and development are performed using a gate electrode 
formation mask. At this time, since the doping profile of a 
low-voltage buried photodiode on one surface of a gate 

25 electrode to be formed later determines charge ' transfer 

9 
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efficiency, the thickness of the gate electrode is made 
sufficiently large, so that high-energy EHtype ion 
implantation and low-energy P-type ion implantation/ which are 
performed to form the low-voltage buried photodiode, can be 
5 self-aligned on one surface of the gate electrode (thick 
polycide process) . 

If the thickness of the gate electrode is not sufficiently 
large, phosphorus P31, that is, a dopant, infiltrates into the 
gate electrode at the time of high-energy N-type ion 
10 implantation, so that the high-energy P-type ion implantation 
and the low-energy P-type ion implantation cannot be self- 
aligned on one surface of the gate electrode and, thus, charge 
transfer efficiency is reduced. 

Thereafter, after gate electrodes 24, 25 and 26 have been 
15 formed by removing the portions of the polycide layer other 
than portions for the gate electrodes 24, 25 and 26 using dry 
etching and a photosensitive film (not shown) has been coated 
to form a low-voltage buried photodiode, high-energy N-type 
ion implantation is performed* At this time, one surface of a 
20 high-energy N-type ion implantation mask is aligned on the 
central portions of the gate electrodes, the other surface 
thereof is aligned on a boundary surface between the field 
oxide film and the active region, and part thereof must enter 
into the active region. That is, the low-voltage photodiode 
25 must include a region in which low-energy P-type ion 

10 
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implantation is performed and high-energy N-type ion 
implantation is not performed (connection window structure) . 
The reason for this is that the region formed by the low- 
energy P-type ion implantation must not be isolated from the 
5 P-Epi layer by the region formed by the high-energy N-type ion 
implantation but must be connected to the P-Epi layer. If the 
low-energy P-type region is not connected to the P-Epi layer, 
the voltage buried photodiode does not normally operate but 
simply operates like a PN conjunction. After the first deep 
10 buried PN junction has been formed in the P-Epi layer having a 
low concentration through the above-described process , the 
photosensitive film is removed* 

Thereafter, after a photosensitive film {not shown) has been 
coated so as to form a low-voltage buried photodiode, low- 

15 energy P-type ion implantation is performed using a low-energy 
P-type ion implantation mask. At this time, one surface of 
the low-energy P-type ion implantation mask is aligned at the 
center of the gate electrode, the other surface thereof is 
aligned on a boundary surface between the field oxide film and 

20 an active region, and there is no part that enters into the 
active region. Accordingly, a low-energy P-type ion 

implantation region must be electrically connected to the low- 
concentration P-Epi layer on a boundary surface between the 
field insulation film 13, on which high-energy N-type ion 

25 implantation is not performed, and the active region, and 

11 



PAGE 28/38 1 RCVD AT 12(7/2005 1:03:47 PM [Eastern Standard Time]* SVR:USPTO€FXRF-6/27 * DNIS:2738300 t CSID:612455-3801 1 DURATION (mm-ss):07-36 



12/97/2005 11:52 612-455-3801 



HSML, P.C. 



PAGE 29/38 



always has an equipotential when the low-voltage buried 
photodiode operates. After, a high-energy N-type ion 
implantation layer and a second shallow PN junction have been 
formed through this process, the photosensitive film (not 
5 .shown) is removed. 

It has been noted through the embodiment that the present 
invention uses the insulation film doped with the impurity, 
such as BSG, after the field insulation film having an STI 
structure has been formed, so that isolation between pixels is 
10 effectively achieved, thus solving the problem of crosstalk,, 
and the ion implantation process for forming the channel stop 
region may be omitted. 

It must be noted that, although the technical spirit of the 
present invention has been described in detail based on the 

15 preferred embodiment, the above-described embodiment has been 
given for the illustration of the present invention, not for 
the limitation of the present invention. Those skilled in the 
technical field of the present invention can appreciate that 
various embodiments can be implemented within the range of the 

20 technical spirit of the present invention. 

EFFECT OP THE INVENTION 

The above-described present invention can minimize the 
25 crosstalk of data between pixels and dark current and can 

12 
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allow the ion implantation process to be omitted, so that it 
is ultimately expected that the performance of the image 
sensor can be significantly improved and the simplification of 
manufacturing processes can be achieved. 

5 

(57) CLAIMS 
CLAIM 1 

A method of manufacturing an image sensor, comprising: 
10 a first step of forming a trench by selectively etching a 
first conduction-type semiconductor layer; 

a second step of forming a field insulation film doped with a 
first conduction-type impurity embedded in the trench; 
a third step of forming a channel stop region by diffusing the 
15 first conduction-type impurity, with which the field 
insulation film is doped, under the field insulation film by 
performing heat treatment; 

a fourth step of forming a gate electrode on the semiconductor 
layer; 

20 a fifth step of forming a second conduction- type first 
impurity region, which abuts the channel stop region and the 
gate electrode, by ion implantation; and 

a fifth step of forming a first conduction-type second 
impurity region on a boundary surface that abuts on the 
25 semiconductor layer within the first impurity region. 

13 
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CLAIM 2 

The Image sensor as set forth, in claim 1, wherein the first 
conduction type impurity is BSG (Boro Silicate Glass) . 

5 

CLAIM 3 

The method set forth in claim 1, wherein the first conduction 
type is a P type and the second conduction type is an N type. 

10 CLAIM 4 

An image sensor, comprising: 

a trench-shaped field insulation film locally formed by 
embedding a first conduction-type impurity in a first 
conduction-type semiconductor layer; 
15 a channel stop region formed by diffusing the first 
conduction-type impurity under the field insulation film; 
a gate electrode formed on the semiconductor layer at a 
location away from the field insulation film; 

a second conduct ion- type first impurity region configured to 
20 abut on the channel stop region and the gate electrode; and 

a first conduct ion- type second impurity region formed on a 
boundary surface that abuts on the semiconductor layer within 
the first impurity region . 

25 CLAIM 5 

14 
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The image sensor as set forth in claim 4, wherein the first 
conduction type impurity is BSG (Boro Silicate Glass) . 

CLAIM 6 

5 The image sensor as set forth in claim 4, wherein the first 
conduction type is a P type and the second conduction type is 
an N type. 



15 
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bib USES &0II7I *1*HAI£ 2X1 Q|D|X|«!A| S30IA1 3ESODI.£=S| BSIOI -Hfg(OI@ m 

6 Ft J I Factor^ 33|.«Bfe 341512 SiD. 

£ 1£ =^!2l MEWTrench)* ^ ^3^s 5££ OlDlTPSAjHl ^HS&g EA1S.O; 

etEtfaa ^^^s sura be aa.*o»oi a«syoi sisai, n£ aaewfaa a.wa s^chi 
.14, i52sf ae^izM^atiBA «e$# v u«M ^ssi sots ^tee* asqoissa^ea a 



S9?(po)oi toeioi sisdj, Eg ±E$.\ bbsib a&a ^(ntP* hhsiejo, ho. 

CtB* BS ^3|2) QIDtaiAO/d£ :SE Bd9(1?)bl 9w «£S £101 :»di LOCOSCLOCal 

Nidation of Silicon) graiHlAlSl tfl^ttS(Blrd's beak) ^EJ" SEHS 

(Intermix)^ ia(Cn?est6ilOg 4 2i£ £?30i 3D. 



^i2r sr# #gH Jiasi. s^iaa tia»i->l wi-. sisra b ^ss, ^« E^jy .^xi#2ia 



u?\ fi^«ia &«spi midi s ^iss^isi ^sass ^e?^^ ^woi Mai«§ 



SfcL »l ^^r?( WfOI S ^1525^21 BSaaoi 7|1£S^ E^SOl DHSEIOI 3 

^si^s -«aa M2H»^g°j e= i£ ^s^^s ms&& e^eoi 

01 S5?.; £71 IE SSSaW EW3 ^1 gTS^ff HOieg^; ^71 il 

« ^ S2? a #71 THOI^S^Qfl a»HS.a2Sa«S|.W1!Mba,9«l; X «7I S^, LHSJ 

a 

dW. a ^Ol ^ff^ 7!aS0HHIAI J\M& 7 r 2 7J7F B a9S| 71^ tfCHWI MAI 

w Sie ^s^7i smra. @ 7^ ufe^i*)- gAiras £ 2a mxi £ 2c 

a as^ioi ^Soh7is *^q. 

S: 2c£ a assi i^Aioaw ed-ef ^sa dioixisai^i s-asoio, 
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S*?(P+) ^ 7101 ss^(24, 25)W gSfe S£g 3SJ(n-)2K ^£9. S3(H LH°I S>5H£<2 

0)21- 71301 p^£J 3^ S^(PO)^ ^HlSldl ^SO. 

HHfflWI £71 PS ££9§, B$G(Boro Siliwte Smes)0ID. 

om, &ttt ^ b stesi oioms* 731 ^ «ss *9*kk 

£ 2a LUX| E 2c£ g g?S2| StfAIOUN U@ OlDPqtJAj a£ £29 EAJST e3EOIQ, 

SB'S 2ftW EAIS 3101, Dl# SE ES^ «s>-at g£S2?9 =VgtD\ WZKX llB&$mWV 

•Sofe Uk ^#sfcl OlDNtOAIOaAl H£E°J P++ a °j P-&ISOr*|&g! &£*|£9 OiaSfe UK £ 

s^s -ar^ oiae r~ £ a p-epi#oi beam uek«d. ' 

DsSS £ bM EAI3 tJKI- S0"L 3»2rHg!(22)e 01433 SKB fllEttS|SK21) S B>££fl&<20) 
9 *}3tfKH Eg«(S/JoW. «fl» A® ±EB(PR strip)# ^AI^OJ an (22) 

• ^> £9*1 SSHHf (Prof ria) S#9 Qiki(Anneal)m gAttfD. 

OlOIAt, PS 9£90| ESS S3 MatH. B$a(fioro SiMcate Gloss) s S mem £e*JS.DHa?> Q 
e, £W ESKCtettltal Mechanical Polishing; Offt CMP2f-^)g SAjofOl ST I 1= ^2 

^(23)9 «S«D. 

blOl/d, 2jEft> ^AteKfl SE LHOil E1S PS afttAIIJSSMU jBH ^ 

5s.§-4i^ar * am odtzr ^ats mgt>\ ass*, hs± £3 ssi sn§ toatr * ?^ 



Sa*!2ISSfitt £3AKJ|E5{9 B^*ISS S3SK32 ?m*KEAim73 Sr h e)S £3Ett £ HD|E 

.23^ 33 .g. 01^39 A*5*101 kS- S *!.£«. «A1t!D. OIUV'-OI* ^^£J^ 71101 ga^2l€M3«| 
AJBJ. 75i3«r MHIS S^CIO!2H2J. £g ZSHHJQooiijfl prnfll6)0l Sof Sd.-fiaCharge. .Transfer 
Efficiency ^SSFTfl £JES ?|10IMS^2| Slflg ¥2>l o(Ot 7^2!^ UflEI^ DOiSE^- 

^ JKHiUXl N-type 01S^B3tt XitHlU^ P-typa 01 5101^3 »S| th^30JAI 
S a (Self AHMrfit)V^ 2i£^ tlQ.CThicfc Pbtycf.te .SS) 

°m >iioi^2^2j ^wg mpi.^bth «ot .ssa aoiu^i N-tyw.ois^aAi Ea-MeKacpanoi 

^01^2=^ .SMI WOm'm\L\*\ P-type Ois-^SIII- ^MUXJ P-t^pe OlS^S-THOi^^^l 
MAI.XPI Si'tsett Alisn'mentysr * .£ICH 3*1 ft* 4S(Chara^ Transfer at rclertc«)Or73*IB 

d: 

0|CHJM# ®f» ?I01MS^(24, 25> 26) (31112) ^2J g£lAWIg*S HI 7ft KM ^0I£2^ 

<24,.25/ 26)« aas'BiaE sMqoihhs ««>?i ««oi-a«»(EAi*OT 

BBtlM HDlUXt M^typeJDfe^a.€- ^'AId^ 01 tU H-tyre OlS^s U^BE\^ 3 

S- 7101^2= g^il SE(A.ii9rO£iii, DB 3^ SE. tm*m S?l30fl sa 

Al SWrtQHfc'ttD. (Connect i on Wfndw 

3 Ojg^ notLPQ P-type OI^^JM 'fiWl-^^ffl 9401' 3MUM N-type 01g*B[rt dm S 
^OD'SIQI P^I*5If S^ISIH^ ^BISCHA}^ SiSIJl ^EA| HgEIOlO^ © r ?|. ffl* SHNUai 

P-type ^^D| P-epi@S> 37I»SSS .^01 2£T tttl3E .SE DOiaE^ S^siH^ SSr&W 

SMI B^t]- PN 90| Dia&S »$l ^^ESi P-epiSOil ai SIKH 3 (Deep) 

waE pn g^e ssAierm «ti»d. 

□ICHAI, M51E POI^E^ WIOI S«WSA|8Wj S*g)§ E5^ ^ XtOflU^l 

P-type Ofs^a© D|^3© A^»K« ^(HILJW P-type 0Ift?a9 MMtVE Uk Dim ^OHUW P-type 

a 5) 21 ^^3011 SS(AMsn)EJa PSS^ SOia^ .^.SS.'aO. ma/4, EMLTO P-typ&.DIS 

gsn^ ^QIUAI N-tyPe Ol^aOl 5JA] S?* gE SS^13)]2> .®«S^2| 3?1130{|Ai ^^ESi 



±& 



mm g ssft. ao]B2i S3 se &asi ^a^oi ois?s 5se ^sfftr 

6-3 



PAGE 35/38 * RCVD AT 12/7/2005 1 :03:47 PM [Eastern Standard Time) " SVR:USPTO-EFXRF-6/27 % DNIS:2738300 * CSID:61245M801 ' DURATION (mm-ss):07*36 



12/67/2005 11:52 612-455-3801 



HSML, P.C. PAGE 36/38 

^2003-0001795 



*1K fi^S 7ICH^ 4= SiCf. 
rSP7 arasr 

OIDWSW Wen 2iCH/d. 

aisstiei &£sosg^B}5iss arem; 

#7| M£?£|M MEIS XI lESffi 3££0I £3S IE SlgSfe 33l2H?fl; 

#71 si-ag* #ttf 7101 MS^S «4B*I; 

pis^ejg esfl #7i xjia so* a #7i ^loiMS^od s&fe «2&s«sj is»s£^ ssg' «g 

fcfe aSEBtl'; 51 

#71 WlgS© 33 U2J #7) gKJHSa- flESDil 82S£g g*ff £|#*fe a5& 

71 

£ 5*»J0I 0|^OjXI= D|DI73fiDAI H3E 

(trot 

21 1 «H SJCHA4, 

#71 g£gg, BSacBdro Silicate. BI«tse)S 3«§ SUES piDISaa ^3. 

H 1 VIM SOW, 

#71 JUJEBttS PfcjOIDL #71 *(|2£S«g Nfca 3!^ 010*10* AS W9. 

PID|fltt*Ol X(DI/4, 

ai£S*°i eisa-soi. ai£fl« e£*oi OHa^roi ^8|£s-s#£! mai^ ^#3 §c 
#71 #7j-ioisasi es^iaaaoi na's atii ^sr'ssi:" 

#71 g£ ^3^2* £DIS! #71 &£»S#0il £!#=! WOIES^; 

#71 fty ^ 9^ 3! #71 JflOIMS^OI SSfe 3«2ES^^ HI1S£3 g2J; 

#71 ai3£'3:22? lhsj #7i t»ai« HSW aiiarasj 3gi2g^g'*gg 

5 

?i 4 vtDI S40]*, 

#7| ££5^, BSB(Bcro Silicate Class)©! B* fife 0|DW(SA|. 

#71 HlSSlJg PHOIDL #71 W2£3SS N&roi S g ^gog § fe OITOfll^. 
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